To study the effects of low molecular heparin combined with Xueshuantong in preventing thrombosis after replantation of amputated finger. Methods: The treatment group (38 patients) was given 4500 IU of low molecular heparin sodium i.h. (hypodermic injection), q.d.(once daily), with 200 mL of 150 mg Xueshuantong injection and 5 % glucose injection, i.v.d. (intravenous drip), b.i.d. (twice daily). The control group received low molecular heparin sodium at 4500 IU i.h., q.d. alone. Treatment was for 3 days. Thereafter, D-dimer, fibrinogen, hemoglobin, platelets, prothrombin time (PT) and blood coagulation of patients in the 2 groups before and after treatment were compared. Differences in vasospasm, vascular thrombosis, finger necrosis, therapeutic effects and adverse reactions in patients in the 2 groups after treatment were recorded. Results: There were significant improvements in fibrinogen, platelet, PT levels, and blood coagulation time after treatment, with improvements better in the treatment group than in the control group (p < 0.05). Vasospasm cases (3) were lower in the treatment group than in the control group (8, p < 0.05), while vascular thrombosis and finger necrosis in both groups were comparable. Therapeutic effects and recovery were better in the treatment group than in the control group (p < 0.05). Conclusion: Combined injection of Xueshuantong and low molecular heparin exerts antithrombotic effects after replantation of amputated finger, improves coagulation function, and reduces incidence of vasospasm. It has better therapeutic effects than low molecular heparin, and it seems safe. This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest
INTRODUCTION
Replantation of amputated finger is a category of restitution surgery with the goal of repairing vessels of the amputated finger, complete debriding, and focusing on bone, nerve, tendon and other tissues. The surgery is followed by multi-aspect comprehensive treatment. A successful surgery results in recovery of the finger function. Success in replantation is assessed by the ability to rebuild the vascular circulatory system [1] [2] [3] . The success rate is still low, in spite of the improvements in microsurgical techniques and the development of several new technologies [4] . The high failure rate may be caused by post-surgery thrombosis [5] .
Generally, within 8 to 19 h after replantation of amputated finger, finger vasospasm and embolism may occur due to various factors, thus severely affecting surgical effects and even causing failure of surgery [6] . Therefore, positive measures need to be adopted to cope with finger vasospasm and embolism. In the past, drugs such as papaverine hydrochloride and heparin sodium were used to prevent crisis in vessels, but these resulted in adverse reactions. Patients often had symptoms such as headache, abdominal distention and hemorrhage [7] . Low molecular heparin acts by preventing the procoagulant effect of coagulation factor Xa. It acts synergistically by stimulating vascular endothelial cells to release cellular activator and coagulation pathway inhibitors of tissue factors; it inhibits the neutralization of platelet IV factor without affecting the aggregation of platelets, and indirectly dissolves thrombi [8] . Characteristically, low molecular heparin has high bioavailability and long half-life period. In addition, it lowers the activities of thrombin and XII factor. Studies have shown that incidents of deep venous thrombosis of lower limbs in anticoagulant therapy group are lower than those in routine treatment group, suggesting that low molecular heparin treatment can mitigate deep venous thrombosis of lower limbs [9] . Low molecular heparin and Xueshuantong injection are common antithrombotic drugs used to prevent vascular thrombosis in clinics. However, their antithrombotic effects after replantation of amputated finger are poorly understood. This research was aimed to investigate the antithrombotic effects of injection of combination of low molecular heparin and Xueshuantong after replantation of amputated finger in a clinical setting.
EXPERIMENTAL

General data
Seventy-six patients with replantation of amputated finger admitted to Dalian Municipal Central Hospital Affliated of Dalian Medical University from January 2015 to July 2018 were involved in this study. The inclusion criteria were: (1) complete breakoff of monoplane of middle proximal parts of 2 to 4 fingers and single finger, and (2) absence of blood diseases, coagulation disorders or diseases that influence tissue recovery. The exclusion criteria were: incomplete break off, multiple fingers or multiple plane break off cases, and (2) patients with diabetes, hypertension and severe disorders of liver and kidney functions. This research was approved by the Ethical Committee of Dalian Municipal Central Hospital Affiliated of Dalian Medical University, Hand and Foot Surgery, Dalian, Liaoning, China, (approval no. 20188187), and was executed according to the Declaration of Helsinki promulgated in 1964 as amended in 1996 [10] . A total of 76 cases were enrolled and randomly divided into two groups using random number method. There were 38 cases in the treatment group, consisting of 26 males and 12 females, with ages between 21 and 49 years (mean age = 36.19 ± 6.83 years). There were 38 patients in the control group, consisting of 24 males and 14 females, aged 22 to 53 years (mean age = 38.44 ± 6.02 years). Other baseline data of patients in the two groups are shown in Table 1 . There was no significant difference in general data between 2 groups (p > 0.05). 
Treatment methods
Surgical method
Surgery in all patients was performed by two associate chief physicians with more than 10 years of experience. Blind methods were adopted during the operation. The patients were given brachial plexus nerve block; the wounds were washed routinely, and then disinfected and surgically draped. Debridement was performed under the microscope to eliminate hardness without vitality and vessels without vitality and elasticity. The finger bones of the amputated finger and broken ends were shortened by about 0.5cm and preserved in an incubator at 2 to 5 o C. Cross K-wire finger fixation was performed, and suture lines were used to repair arteries, veins and nerves. Finally, the skin was sutured. All operations strictly followed appropriate criteria.
Treatment methods after surgery
Patients in the two groups were given 4 
Observation indices
Fasting venous blood was collected 24 h before and after treatment. Fibrinogen, D-dimer, hemoglobin, platelet, PT and coagulation time of patients were determined. In addition, vasospasm, vascular embolism and finger necrosis 72 h after treatment were assessed. Therapeutic effects in both groups were compared 3 months after replantation, while adverse reactions were recorded during treatment.
Evaluation criteria of therapeutic effects
The therapeutic effects were categorized into four grades.: senior grade, which referred to primary healing i.e. no vascular risk, infection and wound after surgery; good grade: no infection, primary wound healing with presence of slight circulation disorder after surgery, but near-normal skin temperature, color, tension and capillary filling of replantation; medium grade: presence of obvious circulation disorder requiring special treatment after surgery; and poor grade: failed surgery manifested in occurrence of vascular crisis requiring further surgical probe, or necrosis in replantation finger.
Statistical analysis
Measurement data are presented as mean ± standard deviation (SD), and statistically analyzed using Student's t-test and paired t-test. Enumeration data were compared using Chi square test, while ranked data were compared using rank sum test. Statistical significance criterion was α = 0. 05. The analysis was performed using SPSS (version 18.0, IBM, USA).
RESULTS
Coagulation function in patients before and after treatment
After treatment, the improvement in the treatment group was significantly higher than that in the control group (p < 0.05). These results are shown in Table 2 . 
Vasospasm in patients 72 h after treatment
There were 3 cases of vasospasm in the treatment group, which were significantly lower than 8 vasospasm cases in the control group (p < 0.05) ( Table 3 ). There was no statistically significant difference in vascular embolism and finger necrosis between the treatment and the control groups (p > 0.05).
Therapeutic effects of replantation of amputated finger
The treatment group had better therapeutic effects than the control group (p < 0.05): good grade recovery in the treatment group was 92.11%, while that of the control group was 73.68 % ( Table 4 ).
Adverse reactions to drugs
During treatment, 2 patients in the treatment group had skin mucosal ecchymosis, accounting for 5.26 % adverse reaction. In the control group, there were 2 cases of abdominal pain, 2 cases of skin mucosal ecchymosis, and 4 cases of epistaxis, resulting in 21.05 % adverse reaction in this group, which was significantly higher than that of the treatment group (X 2 = 4.146; p < 0. 05 = 0.042).
DISCUSSION
Replantation of amputated finger is one of the common surgical operations in clinics. The surgeon often controls reset and subtract operations to eliminate elastic vessels, thus sustaining vascular function in the amputated finger. After replantation of the amputated finger, patients often experience vasospasm and embolism due to external stimulation, which may directly cause failure of surgery. Thus, effective prevention of vasospasm and embolism has become the hallmark successful replantation of amputated finger [11] .
The main ingredient of Xueshuantong is Panax notoginseng saponins (PNS), a drug for activating blood and resolving stasis, and soothing meridian and collaterals in clinics. It can effectively inhibit aggregation of platelets and increase blood volume. Thus, it is clinically applied in the treatment of heart and cerebral vascular embolism, and venous obstruction of central retina [12] . Xueshuantong enhances blood flow to the limbs, and it can effectively reduce incidence of vascular crisis [13] .
Low molecular weight heparin, a low molecularvolume heparin made by de-polymerization of normal heparin, has relatively strong Xa factor activity (about 8 times stronger than normal heparin). High-activity Xa factor inhibits the antithrombus and bleeding effects of drugs, and can effectively reduce the adverse reaction of bleeding [14] . Some researchers have reported that the use of low molecular weight heparin is associated with small individual differences, significant anticoagulation effects, efficient temperature control, and less adverse reactions post-application [15] . D-dimer is an important parameter that reflects the functioning of human fibrinolysis. Increases in D-dimer indicate high coagulation state, and the levels of fibrinogen, hemoglobin and platelets, which are important components of human blood, are positively correlated with coagulation function [16] . The normal value of PT is about 12 to 14 s. A significant increase in PT over normal value is an indication of high coagulation state. Blood coagulation time refers to the time taken for coagulation to occur after blood release from the vessels, and it is an important index that reflects whether the human coagulation function is normal or not [17] [18] [19] [20] .
The results of this study show the use of combination of low molecular weight heparin and Xueshuantong resulted in significant reduction in local plasma and vascular embolism in patients who underwent replantation of amputated finger, when compared to the use of low molecular heparin alone. This finding may be attributed to the ability of Panax notoginseng saponins to inhibit surface activity of platelets and platelet aggregation, thereby increasing vascular blood volume. In addition, there were only 3 cases of vasospasm in the treatment group, relative to 8 vasospasm cases in control, an indication that local blood circulation in the replanted fingers of the treatment group was better. Thus, the combination medication produced significant effects. The overall good recovery of surgical patients was 92.11 % in the treatment group, which strongly suggests that the combination medication showed obvious advantages in improving local blood circulation while reducing vascular crisis.
CONCLUSION
The results obtained in the current investigation indicate that injection of Xueshuantong in combination with low molecular heparin prevents thrombosis after replantation of amputated finger by significantly improving local blood circulation in patients. The combined treatment also significantly reduces incidence of vasospasm, prevents thrombus and promotes wound healing after replantation of amputated fingers. The therapeutic effects and safety associated with the combination treatment are better than those of low molecular heparin.
DECLARATIONS
Conflict of Interest
No conflict of interest associated with this work.
Contribution of Authors
We declare that this work was done by the author(s) named in this article and all liabilities pertaining to claims relating to the content of this article will be borne by the authors, all authors read and approved the manuscript for publication. Sun Huanwei conceived and designed the study, Sun Huanwei, Yang Weidong, Zhang Hongquan, Wang Chunsheng, Zhong Yiming, Su Yi, Gao Bing, Sun Yang, Zou Xiaowei collected and analysed the data, Sun Huanwei wrote the manuscript.
